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The following is an attempt to set down in systematic form the 
ideas which have "been discusBed around the laboratory concerning pos- 
sible means of jamming Radar systems and counter-measures for these. 

As a prerequisite to successful jamming of a system In use by an 
enemy, the characteristics of the Bignals must be determined so the 
first thing covered will be methods of detection. Hollowing thin 
different types of jamming methods will be considered with regard 
to their effect on possible radar systems. Finally counter-measures 
for these will be discussed. 

Tiie problem of detecting Radar signals is fundamentally easier 
than that cf providing a receiver for the Radar system itself, since 
the signal strength at the target object falls off only as the in- 
verse square of the distance to the transmitter, while the intensity 
reflected back to the transuicter falls off is the inverse power •r* V\ *’ r-. yl 

s~ ' r -/ # ^ 

of the distance. Therefore receivers for the detection of an 

v 

enemy system may be much less sensitive than those used in the £ h 

cystem itself. This advantage is partially counteracted by the v 

lack of knowledge of frequency of the signals of the enemy, so that 

the detecting set may be required to cover a very wide frequency 

band. There have been at least three typos of detecting sets tried 

or proposed so far. These are: 0 ! "SEC DfcF 

- ' , P«r « u, ' ,or ln" <i= c '" n Reproduced from 
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a) Silicon crystal plus audio amplifier. 

b) Superhet receiver ending In phones and output meter. 

c) Thermistor bridge with narrow band audio azmlifior as detector* 

i 

The first of those is suitable only for the detection of modulated 
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signals such as tliose of a mice system* while the last two -will cee. J . J Pcii_j>>r<' 
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also find CW signals such as those of a Dowpler syBtem. The third - 1 1 T 1 
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is incapable of giving any information as to modulation of received ./5/P ^ 



averaged over & time of from 0.1 to 1 second. Avai 

A set-ur> of the first typo was tried at the Arlington Heights 
water tower which is about 5g mllee from M. I. T. The eystem in 
the screen cage on the roof was directed nt the water tower and left m 
stationary during the observations. The field equipment consisted of 

[ I T' r 

two of the battery operated amplifiers used vrith wavometers which had 
been arranged tc be operated pin tandem. Both were used as two- stage 
amplifiers , giving four Etagas in all. A pair of he::dphonss wan 
connected to the output. The pick-up consisted of a half-wave dipole 
feeding a silicon crystal thru a Bliort length of concentric line. 

Ko tuning or directional elements were used. Signals ver© very easily- 
heard in the phones though no deflection of the meter could be 
observed,. Si /vials -persisted with noorly full intensity to within about 
I? inches of the. ground. Houeoc. were observed to cast fairly charp 
shadows. By walking back and forth it was shown that, the signal 
strength was fairly constant over a distance of at loart three hundred 
yards normal to the bean. Bad googra 2 Jhy and lack of timo precluded 
any more exact determination of beam size by this method. Subcocrusntly 



assent lolly the same oquipment was carried in r. plane by fl-riggc. 
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It has sines been found possible to run three of the amplifiers in 
tandem, so that greater sensitivity nay be attained. Furthermore 
the use of a moderately selective audio amplifier such as the 
General Radio Sound Analyzer till give still greater usable gain as 
well as permit a determination of the repetition rate of the 
Gignals being received. It is also proposed to uso a pick-up 
consisting of a dipole with a movable reflector mounted behind it which 
will give some directivity and gain as well as permit rough aotor- 
ninotion of wave-length. For more accurate determination of wave- 
length such as would bo required In setting the frequency of a Jamming 
signal, the set-up will be arrangod to permit connection of one of the 
laboratory wave meters cither betvjeen the dipole and crystal detector 
or on a branch to this line. With these proposed improvement s it Booms 
likely that there would belittle difficulty in getting the essential 
Information about out system necessary to Jam it at distances up to 
twenty mi lee. 

An outfit of the second type is under construction at the General 
Radio Company, The first one being built is designed primarily for 
lover frequencies, from .JO to 1000 sac, roughly although it will 
work up to 3000 me on harmonics at somewhat reduced sensitivity. 

The sensitivity in Its intended range is such that a useable de- 
flection will be secured for a signal of the order of a few microvolts 
applied at the input terminals. It has an IF aenllfior with & band 
with 2 to 3 megacycles, so that it givos at onco an accurate in- 



dication of tiie frequency of the observed signal* Ecvevor it ie 
necessary to tune thru the frequency rang® to be covered at a slow 






enough rate that signals shall not be mi red. If one allows a ...AW ■ 
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rate of 3 mc/scc/cac for tuning it takes about fifteen minutes to cover 
the range from 100 me to 3000 me, and if the further range up to 30,000 
me is to he covered the tins becomes almost prohibitive* Therefor*© 
it seems that this outfit must be supplemental by other means which 
cover a much wider portion of the froquency spectrum at once when- 
evar a gsneral eoarch is? under way. 

The third typo of (.electing cyetsm haa as its sensitive 
element the so-called thermistor, a development of the Bell 
Telephone Laboratories. The thermistor is a seni-conductor such as 
uranium oxide or nickel-manganese oxide which has a high temperature 
coefficient of resistance. It is used as a bolometer, the energy 
to be detected being fed into a thermistor which forms ono ana of a 
Wheats ton® bridge. A second tliermistor 1b in the opposite arm of 
tho bridge to compensate for ambient temperature variations, while 
the other two arms may be made up of condensers or resistors. The bridge 
is fed by a stable audio -frequency oscillator and the detector consists 
cf a tuned audio amplifier with a band pass a fat? cycles wide. Cal- 
culations reported by Coleman indicate that power as little as 10“^P 
to 10~P2 wa tts in the thermistor might be detected. If reasonably good 
efficiency of power transfer from an antenna to the thermistor can bo 
obtained, this, should give vory great sensitivity, typical figures quo tod 
by Coleman being the detection of a 1 watt transmitter at 100 miles. 

Since the indication results from the temperature change of the therm- 
istor, any modulation in the signal being detected, Which 1 b more 
rapid trier, the temperature car follow, will bo io3t. The thermal 

. ,, c - r-— .Wf- istro" °f 

time constant Is from 0.1 to 1 second. It Deems likely that tns probl/sa ^h^umenii* 



of getting good energy trenefar from the antenna to the therni 
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lies in the raago around one or two hundred ohme. Accordingly the dove” 
loprasnt is to proceed in this direction. It ie to he carried out under 
the direction of J. S. Coleman, who ic in Prof. Harrison * b section 
of the EBEC, and 13 to begin about August 15. They are to develop 
the unit consisting of the thermistor, bridge, oscillator, and 
amplifier leaving the problem of getting the energy from an antenna 
to the thermistor to us. 

Having obtained information as to tho signal being used by an 
enemy Ecuar ej3tcn, i.e, its wavelength, whether modulated or un-- 
modulated, if modulated whether pulse or frequency modulation, if 
pulso modulation pulse length and repetition rate, the ne:ct step 
Is to provide some sort of eignal ifhieh will prevent the enemy system 
from working. The following categories would Beer, to cover any 
type of signal which might be usGful: 

a) Pure continuous© tfnve signals (CW). 

b) Anplitnde-aodul.bted contiauouse wave ( AH CM ) 

c) Frequency - nodulated continuous wave ( FK CW) 

d) Amplitude and fnvniency modulated (AMEN CW) 

e) Pulse signals 

The first of these, as itc name implies, cocci ste of a pui© carrier 
at the frequency to which the enemy receiver is tuned, of cuch intensity 
as to give a signal in the enemy receiver which will paralyze it.. The 
socond, third and fourth, involve the addition of the indicated 
type of modulation to the carrier. The fifth involves the trane~ 
mlesion of pulse signals in answer to those of the enemy, perhaps delayed 
by nearly the time between successive pulsus so that the jamming 
pulses may appear to corns iu before as veil as after the tr^j a fV9iln v Jf-v ~d - 

2 August I 960." tj,,i . , 

tho enemy receiver. ^ Th tB^roip .d have ae its object merely "-ilf^tASSirlHD 
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vention of his obtaining the correct range rather than the complete 
paralysis of hie receiver, and bo might be expected to be more useful 
against fire-control Eadar. 

The usefulness of the various types of jamming is probably 
best discussed in terms of their effect on various possible 
types of Radar systems. It seems to bo necessary to specify at 
least three elements of the system, the type of transmitter, the typo 
of receiver, and the method 0/ direction control, whether relatively 
fixed as in search or GL, or scanning as in AI. At least five coffin 
binations seem to be useful, and may bo described as follows: 

a) Pulse transmitter, IF receiver, fixed direction. 

b) Pulse transmitter, video receiver, fixed direction. 

c) CV: transmitter, video (or audio) receiver, fixed direction. 

a) Pules transmitter, IF receiver, scanning, 

e) Pulse transmitter, video receiver, scanning. 

A sixth combination, e CW nyatem with scanning, is oir.it ter as probably 
being of little practical use. TM.b is in jiccord with the views of 
Ili-.r.sen, 07 _f. of the chief proponents of CU syetems. Possible systems 
onplcying fracner.cy modulation such ns the WE absolute altimeter are 
not considered since they gqsjp. to bs of iittle use in Radar work. 

The receivers arc described by the moans used in securing most of 
the gain, which has an important bearing in their susceptibility to 
GW jamming. Our typical AI system ic accordingly combination d) 
while the G1 ey stems are essentially combination’ a) . The varicut 
combinations, trill notr be discussed one at a tine with regard to the 
effects of the ciiffcront types of jamming cigr.ais and counter measures 

B&t euftodiK "Sfte of 
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^0 first type of system, namely one employing pulse transmitter, IF 
receiver, and fixed direction, is ousceptible to all of the types of 
Jamming-, The effect of any of the cw methods, whether nodulated 
or unmodulated is to furnish so large a signal at the second detector 
as to nek© it inoperative for the desired signals* A conceivable counter 
measure in the case of Ctf or AM CV is the elimination of a hand of 
frequencies containing the interfering signal In tho receiver response. 

Circuits for this are available at least in low-frequency narrow hand 
amplifiers, hut it seems likely that thoy would seriously degrade the 
performance of a vrido-band pulse amplifier, with regard to tho sharp- 
ness of pulse and speed of recovery after overload. A Jamming signal 
which is frequency-modulated over a range equal to the response of the 
receiver cannot ho eliminated by such a hand- rejection schema . About 
the only remedy available here seems to be change of transmitter and 
receiver frequency, either systematically or at random. Development 
work is going on locking towards the jjrodaetion of an automatic tuning 
system which will automatically keep the receiver tuned to the trans- 
mitter provided the frequency doos not vary too far or too rapidly. 

It would seem that shifts of the order of lOrae should he enough to 
counter most Jamming signals. If the Jamming station attempts to 
cover such a vri.de range by frequency modulation, there will be 
enough of the its© when the Jamming does not get thru tho receiver 
so that some signals could he received in the interval n a 

As mentioned before. Jamming by pulse transmission would have 
as its object only Interfering vrith range determination, Thi :■ wculf 

be accomplished by having a tranianitter on tho t argot object vhieh per au theri* Y c* "ScCDbr <*.. 
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by nearly the time between successive signals, the indicator In the 



receiver could be made to resemble a whole series of objects, some 



nearer and some further away than the actual target. A possible 



counter measure here is either random or systematic Variation in repet- 



ition rate of pulses. TMb would have the effect of making all 



jamming pulses which are returned with long delay appear at a variable 



time in front of the succeeding pulse, so that they would not look 



like a true sharp signal. It would probably be sufficient to make 



the time betv/een pulses say alternately 490 and 510 microseconds. With 



such a system the first sharp signal would be the correct one. 



The second type of system, pulse transmitter, video receiver 



~ixed direction, differs chiefly from the first in that it is not 



particularly s-asceptible to jamming by a pure Ctf signal, Bince such 



a signal will not get beyond a stage corresponding to the second 



detector of a superhet, v/hile the proposed receive!' has most of its 



gain after this point. On the other hand, band rejection circuits 



would be much harder to apply to such „a receiver, although in the 



case of AMCW jamming it might be possible to eliminate the modulation 



frequency of the jamming signal by similar aeons. 



The third type of system, Ctf transmitter, audio receiver, with 



fixed direction, ie exemplified by the set-up used at the Loomis 



lab and those used by Hansen. It is fundamentally different 



from the toher systems" in that it uses a narrow band receiver. This 



has several important consequences, the most important being that a 



jamming signal, must be extremely accurately located in order to 



affect the system at all. Furthermore, since the transmit '.or in this 



system effectively serves as the local oscillator for the receiver, the 
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problem of shifting frequency to avoid jamming becomes much easier. 

Going along with these factorB, there 1 b probably greater 
difficulty in detecting such a syBtem to begin with, since the average 
power used is probably about the Bame as in a pulse system, which means 
that the peak power is much smaller, so that with a detection re- 
ceiver which must be wide band to cover the frequency spectrum in a 
reasonable time, the small peak power 1b a considerable disadvantage. 

This probably would not be true to such an extent with the thermistor 
bridge as a detector. Howerver, once detected, the frequency of the 
jamming signal must be much more accurately adjusted, to within a 
few kc as compared to one or two me in the pulse system. 

The fourth type of system differs from the first only in that 
it is scanning rather than fixed direction. This causes no new features 
in jamming or counter- jamming, except that all methods of jamming 
give away the i&rection of the jamming outfit, and with good directivity 
in the Eadar Bystem it should be possible to work in other directions 
without much interference. 

The fifth type differs from the second again by the use of scanning. 
This addB some susceptibility to jamming by a CYi r signal, since in 
sweeping past the direction of the jamming, the/ signal is effectively 
modulated hy the directivity pattern of the receiver. It should be 
possible to reduce the low-frequency response of the receiver to such 
an extent that this modulation is not passed, while the pulses are 
left undisturbed. A Fourier series expansion of the directional pattern 
of the antenna expressed in proper units xrould give the energy distribu- 
tion as a function of frequency and so show where such a cut-off should 
be made. With regard to other types of jamming the situation As ■ 
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The types of system are shown at the side, while types of j ammi ng 
are shown across the top e The entries in the table refer to possible 
counter measures according to the following list. 

1) Random or- systematic variation of transmitter and receiver 

frequency, 

2) Band rejection in receiver. p»r authority 0 < 

2 Au B usi I96C." +h; 4 B „: 

3) Bandom or systematic irregularity in pulse repetition rUNCLASSiFi; 

4) Eaise low frequency cut-off of receiver. 
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rfhere there 1 b no entry in the table, the type By 6 tec 1 b not 
subject to jamming by that means* 

The following more or less obvious conclusion* may be listed,, 

First, it would be advantageous to have a transmitter that 1b capable 
of freauency shift of the order of 10 me. and a receiver with auto- 
matic tunning that can follow at least that far* Furthermore* a self- 
synchronous system, rather than on driven from a master oscillator, may 
have advantages in avoiding jamming as well as those connected with 
the use of more efficient modulators* Finally, work should be done 
on the exact effect of signals of the various types and of approxi- 
mately known power on the different types of receiver such as Earvey 
1, Earvey A and perhaps also an all video receiver vrhich would have 
to be constructed. 
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